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Abstract

Context The ecological literature is filled with
studies highlighting the importance of both habitat
loss and fragmentation on biodiversity. The patch
concept has been central to these findings, being also
at the heart of many ecological theories. Recently, the
habitat amount hypothesis has been proposed as an
alternative, where the patch concept is put to a rest,
and both patch size and patch isolation effects on
species richness are reduced to a single gradient:
habitat loss in the landscape.

Objectives As this theory stated clear predictions
that could be experimentally tested, many formal tests
of the hypothesis have been published recently and
this study aims at synthesizing their results.

Methods A meta-analysis of 13 tests of the habitat
amount hypothesis was conducted, to produce a single
combined test of the theory.

Results The 13 tests combined suggest that effects of
patch size and isolation, while controlling for habitat
amounts, do exist although their overall effect is weak
(r = 0.158).

Conclusions Literal interpretations of the habitat
amount hypothesis, where patch size and isolation
have absolutely no effect on species richness, are
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probably oversimplifications of the processes at work.
Still, the theory could prove useful as a baseline of the
effects of habitat loss, against which patch size and
isolation effects must be contrasted.
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Introduction

Limitations in habitat availability are currently the
most important threat to global biodiversity (Pimm
et al. 1995), and are hypothesized to remain the largest
threat in the foreseeable future (Sala et al. 2000).
Accordingly, thousands of individual studies have
shown the negative effects of habitat loss (Fahrig
2003). As habitat loss is not a homogeneous process, it
creates all sorts of patterns in space (i.e. changes in
habitat configuration), which ecology also has a long
tradition of studying, from Levins’ (1969) equilibrium
model to the metacommunity concept (Wilson 1992;
Leibold et al. 2004). Changes in habitat configuration
(e.g. patch size, connectivity, etc.) are also known to
have profound effects on ecosystems (Haddad et al.
2015) and we have now come to a point where habitat
configuration is integrated into conservation recom-
mendations (e.g. Strobl 1998; Rosenberg et al. 1999)
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and is part of the reserve selection process (Margules
and Pressey 2000; Briers 2002). Conservation being
foremost a matter of prioritization, ecologists have
long been trying to quantify the relative importance of
habitat amounts and configuration for decision-mak-
ing purposes, with varying results (Didham et al.
2012). The crux of the matter here being that habitat
loss necessarily implies changes in configuration, and
thus independent effects of either habitat amounts or
configuration are often hard to disentangle.

The above conceptual model was strongly chal-
lenged when Fahrig (2013) proposed the habitat
amount hypothesis (HAH), in which she questions
the existence of distinct effects of patch size and
isolation on species richness and implies that the
effects of such patch-scale configuration metrics could
be reduced to a single measure: habitat amount in the
landscape. Such a bold statement came with pretty
strong arguments (e.g. Fahrig found no evidence that
the slopes of species area relationships were different
between fragmented and homogeneous landscapes),
but also important implications. The most important
one being that half a century of research could have
been wrongly assigning population processes to patch
effects, which could have been as well explained by
habitat amounts in the local landscape. The hypothesis
was heavily criticized because, among other things, it
was described as a phenomenological model that
ignored the underlying mechanisms (Hanski 2015;
Haddad et al. 2017). Fortunately, the HAH also came
with clear predictions to test its claims (but see Haddad
et al. 2017 about their independence). The main
prediction (and probably the most controversial one)
being that, while keeping the amount of habitat
constant in the landscape, species richness on a plot,
i.e. species density, should not increase with the size of
the local patch being studied.

Since Fahrig’s article was published, many research
teams have tackled the task of testing the habitat
amount hypothesis, and this article aims at synthesiz-
ing their results, to provide an early idea of where we
stand, 5 years after the publication of the hypothesis.

Methods
I searched the Scopus database (http://www.scopus.

com) on May 29, 2018, for articles explicitly testing
the habitat amount hypothesis with the following
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query: TITLE-ABS-KEY (“habitat amount hypothe-
sis”). From the resulting 15 articles, two were dis-
carded as they were the seminal article and the ensuing
discussion (i.e. Fahrig 2013, 2015). The remaining
texts were carefully examined to ensure they were
proper tests of the theory and that they (or their sup-
plementary materials) provided numerical summaries
that could be converted to a common effect size. Some
studies were thus removed because they were either
completed on actual islands or did not provide a metric
of patch size or isolation (Piano et al. 2017; Rabelo
et al. 2017; De Camargo et al. 2018; MacDonald et al.
2018). Finally, two studies were removed from the
dataset because they did not provide parameter esti-
mates or the necessary details to reconstruct them with
the published information (Moreira et al. 2017; Puls-
ford et al. 2017). Multiple tests of the theory in the
same article were considered as separate entries, pro-
vided that they were not using the same data. In case
the same dataset was reanalyzed multiple ways, only
the test on the most complete subset was selected. The
final dataset thus contained 13 tests of the habitat
amount hypothesis, from seven different articles.

For each test, I extracted either the ¢-value or F-
value of the parameter of interest, along with either the
degrees of freedom (df) or sample size (n). As n was
needed to calculate the effect size variance (see below)
and df were needed to convert the test statistics to a
common metric, translation was made between the
two (df to n or vice versa) assuming the number of
parameters corresponded to the estimates provided in
the results (unless explicitly stated otherwise). In three
articles, df might have been overestimated because of
the presence of random effects in the models.

In the 7 articles, the habitat amount hypothesis was
tested either by assessing the existence of a slope
difference between SARs of continuous and frag-
mented areas or by assessing the existence of
independent effects of patch size or patch isolation
in a model predicting species richness per sample site
while controlling for the amount of habitat. Therefore,
a positive relationship between patch size and species
richness would produce opposite signs for the same
reality, depending on the method used. The signs of
the coefficients were thus adjusted so that all positive
values indicate a positive effect of patch size or a
negative effect of patch isolation on species richness,
independent of the habitat amount.
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F-values and t-values were converted to a common
metric (Pearson’s r) using equations provided by
Friedman (1982), using the appropriate df for each
test. As Pearson’s r has some problematic distribu-
tional and variance properties when computing meta-
analyses, these values were further converted to
Fisher’s z and its corresponding variance metric
(which, in contrary to Pearson’s r, is independent of
the z-value) using equations provided in Borenstein
et al. (2009).

To compute a meta-analytic test of the habitat
amount hypothesis, I calculated a weighted effect size,
using the inverse of Fisher’s z variance as weights in a
two-level random effects model. Random intercept
terms were included for each test, as well as each
article, to account for the hierarchical structure of the
dataset. The presence of a publication bias in the
reviewed literature was assessed with Egger’s regres-
sion test for funnel plots (Sterne and Egger 2005). All
data analysis was completed with the metafor package
(version 2.0-0, Viechtbauer 2010) in R statistical
software (version 3.4.3, R Core Team 2017).

Results

Combining the 13 individual tests of the habitat
amount hypothesis while accounting for the hierar-
chical structure of the data produced a combined effect
size of 0.159 £ 0.173 (95% CI) in Fisher’s z units
(Fig. 1). Egger’s test for funnel plot asymmetry
suggests that there was no significant publication bias
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Fig. 2 Visual assessment of the publication bias in tests of the
habitat amount hypothesis. Funnel represents the 95% confi-
dence interval. Effect size is Fisher’s z

that could have systematically skewed this estimate
(z =0.6526, p =0.5140; Fig. 2). This combined
effect size translates to a partial correlation between
species richness and patch size or isolation of 0.158
while controlling for the amount of habitat in the
landscape. Cochran’s measure of heterogeneity sug-
gests that there is more variability among tests of the
habitat amount hypothesis than expected by random
sampling variation (Q = 38.63, df = 12, p < 0.0001).
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Discussion

This meta-analytic test of the habitat amount hypoth-
esis thus shows that patch size and isolation effects on
species richness do exist, but they are weak
(r = 0.158) once habitat amounts in the landscape
are accounted for. Overall, this is more or less the same
conclusion Fahrig (2003) arrived to 15 years ago in a
major literature review, where habitat loss had
consistent negative effects on biodiversity while
habitat fragmentation per se (i.e. controlling for
habitat amount) had weaker and more variable effects.
This variation in the directionality of fragmentation
effects was recently reassessed and, within studies
where a significant effect was observed, fragmentation
per se had a positive effect on biodiversity at the
landscape scale in a majority of cases (Fahrig 2017),
although the present synthesis shows that fragmenta-
tion-related features (patch size and isolation), mea-
sured on the local patch, have generally neutral or
negative effects on its species richness. Many reasons
could explain such discrepancy, one of which being
that fragmentation at the landscape scale, in addition
to any possible negative effect, can also increase
heterogeneity (Seiferling et al. 2014), an often cited
biodiversity driver (Stein et al. 2014). Mechanisms
usually invoked to support the heterogeneity-biodi-
versity relationship include increases in habitat diver-
sity (i.e. number of niches; Tews et al. 2004) and
increases in the number of habitat types available
within an organism’s home range, which some species
require or benefit from (i.e. complementation; Law
and Dickman 1998). Such benefits of fragmentation
per se cannot be captured when the studied guilds are
limited to a single habitat type, as required in the
habitat amount hypothesis (e.g. forest interior and
forest edge species should not be studied together
according to the HAH).

Despite the above-mentioned general conclusions
about the direction of fragmentation effects, the high
amounts of between-study heterogeneity in the test
results also support another common idea in landscape
ecology, which is that configuration effects are both
context (Andrén 1994; Thompson et al. 2002) and taxa
specific (Bender et al. 1998; Prugh et al. 2008).
Consequently, the development of further tests of the
HAH in additional contexts should be strongly
encouraged, as it is likely that each context could
provide its own unique answer to the question.
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Keeping in mind that this synthesis is based only on
a handful of tests, it hints that a literal interpretation of
the habitat amount hypothesis, where changes in patch
size and isolation have absolutely no effect on species
richness when accounting for habitat amount in the
landscape, is probably an oversimplification of the
actual processes at work and misses important
context-specific issues. Just like when Hubbell’s
(2001) unified neutral theory of biodiversity reversed
the burden of proof on ecologists to show environ-
mental effects on community structure against a
background of neutral processes, Fahrig’s habitat
amount hypothesis should probably be viewed as a
baseline of habitat loss effects, above which habitat
configuration effects must be contrasted to be consid-
ered as important.

The dataset generated and analyzed during the
current study along with related computer code are
available in the FigShare repository, https://figshare.
com/s/45649772e9cd166b293d.
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